WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification : 
Not classified 



A2 



(11) International Publication Number: WO 00/03579 

(43) International Publication Date: 27 January 2000 (27.01.00) 



(21) International Application Number: PCT/EP99/04562 

(22) International Filing Date: 1 July 1999 (01.07.99) 



(30) Priority Data: 

PA 1998 00948 16 July 1998 (16.07.98) 



DK 



(71) Applicant (for all designated States except US): HALDOR 

TOPS0E A/S [DK/DK]; Nym0llevej 55, DK-2800 Lyngby 
(DK). 

(72) Inventors; and 

(75) Inventors/AppUcants (for US only): SHEER CHRISTENSEN, 
Peter [DK/DK]; Glasvej 7, l.tv M DK-2400 Copenhagen NV 
(DK). LUCASSEN HANSEN, Viggo [DK/DK]; Botoflevej 
12, DK-2700 Br0nsh0j (DK). ROSTRUP-NIELSEN, J., R. 
[DK/DK]; Fures0vej 27, DK-2830 Virum (DK). 

(74) Agent: GRONECKER, KINKELDEY, STOCKMAIR & 
SCHWANHAUSSER; Maxim ilianstrasse 58, D-80538 
Munchen (DE). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report 



(54) Title: SYNTHESIS GAS PRODUCTION BY STEAM REFORMING USING CATALYZED HARDWARE 




(57) Abstract 



Process for the preparation of hydrogen and carbon monoxide rich gas by catalytic steam reforming of a hydrocarbon feedstock 
comprising steps of: (a) optionally passing a process gas of hydrocarbon feedstock through a first reactor with a steam reforming catalyst 
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Synthesis Gas Production by Steam Reforming using 
Catalyzed Hardware 

The present invention is directed to the production 
of synthesis gas by steam reforming of a hydrocarbon 
feedstock in contact with catalyzed hardware. 

The term catalyzed hardware is used for a catalyst 
system where a layer of catalyst is fixed on a surface of 
another material, e.g. metallic surfaces. The other 
material serves as the supporting structure giving strength 
to the system. This allows to design catalyst shapes which 
would not have sufficient mechanical strength in itself. 

Synthesis gas is produced from hydrocarbons by 
steam reforming by the reactions (l)-(3) : 

+ n H 2 0 -* n CO + (n + |) H 2 ( -AH 2 ° 98 < 0) (1) 

CO + H 2 0 5=t C0 2 ' + H 2 (-AH298 23 41 kJ/mole) (2) 
CH 4 + H 2 0 * CO + 3 H 2 (-AH^ 98 = -206 kJ/mole) (3) 

State of the art steam reforming technology makes 
use of reforming catalyst in the form of pellets of various 
sizes and shapes. The catalyst pellets are placed in fixed 
bed reactors (reformer tubes) . The reforming reaction is 
endothermic. In conventional reformers, the necessary heat 
for the reaction is supplied from the environment outside 
the tubes usually by a combination of radiation and convec- 
tion to the outer side of the reformer tube . The heat is 
transferred to the inner side of the tube by heat conduc- 
tion through the tube wall and is transferred to the gas 
phase by convection. Finally, the heat is transferred from 
the gas phase to the catalyst pellet by convection. The 
catalyst temperature can be more than 100 °C lower than the 
inner tube wall temperature at the same axial position of 
the reformer tube. 
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It has been found that heat transport is more 
efficient when catalyzed hardware is used in the steam 
reforming process. The heat transport to the catalyst 
occurs by conduction from the inner tube wall. This is a 
much more efficient transport mechanism than the transport 
by convection via the gas phase. The result is that the 
temperatures of the inner tube wall and the catalyst are 
almost identical (the difference below 5°C) . Furthermore, 
the tube thickness can be reduced, see below, which makes 
the temperature difference between the inner and outer side 
of the reformer tube smaller. It is hence possible to have 
both a higher catalyst temperature and a lower tube tem- 
perature, all other conditions being the same when replac- 
ing the conventional reformer tubes with catalyzed hardware 
tubes. A low outer tube wall temperature is desirable since 
it prolongs the lifetime of the tube. A high catalyst 
temperature is advantageous _since the reaction rate 
increases with temperature and since the equilibrium of 
reaction (3) is shifted to the right hand side resulting in 
a better utilisation of the feed. 

Pressure drop in the catalyzed reformer tube is 
much lower than in the conventional case for the same tube 
diameter. This enables the use of reactor tubes with a 
smaller diameter and still maintaining an acceptable pres- 
sure drop. Smaller tube diameter results in an increased 
tube lifetime, tolerates higher temperatures and reduces 
the tube material consumption. 

Finally, the catalyst amount is reduced when using 
catalyzed hardware reformer tubes compared to the conven- 
tional reformer with a fixed bed of reforming catalyst. 

Fig. 1 shows the front -end of a plant producing 
syngas. Feed 2 is preheated, desulphurized in unit 4, mixed 
with process steam 6, and further heated before entering an 
adiabatic prereformer 8. The effluent stream from prere- 
former 8 is further heated in a heat exchanger coil, 
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arranged in flue gas channel 12 and send to the tubular 
reformer 14, where conversion of methane to hydrogen, 
carbon monoxide, and carbon dioxide occurs. The processing 
of effluent gas downstream from the tubular reformer 
depends on the use of the product. 

Catalyzed hardware can be used in two of the units 
shown in Fig. 1: 

1. In the preheater coil 10 for heating the prerefor- 
mer effluent gas before entering the tubular reformer 14. 

2 . In the tubular reformer 14 . 

The catalytic coating of a metal surface (wash- 
coating) is a well known process (a description is given in 
e.g. Cybulski, A., and Moulijn, J. A. , Structured catalysts 
and reactors, Marcel Dekker,. Inc., New York, 1998, Chapter 

3. and references herein) . A thin layer of a slurry con- 
taining the ceramic precursor is applied on the surface by 
means of e.g. spraying, painting or dipping. After applying 
for the coat, the slurry is dried and calcined at a tem- 
perature usually in the region of 350-1000°C. Finally, the 
ceramic layer is impregnated with the catalytic active 
material. Alternatively, the catalytic active material is 
applied for simultaneously with the ceramic precursor. 

Unfortunately, a number of disadvantages of the 
catalyzed hardware reactors compared to fixed bed reactors 
exists: 

The catalyst layer cannot be replaced if it looses 
its activity either by ageing or by poisoning. 

The catalytic layer can only be applied to certain 
materials. The reactor tubes have to be made of this type 
of material which may be more expensive than a conventional 
tube material. The steam reforming reactions occurs under 
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pressurized conditions and the tube thickness is large, 
hence the cost of materials influences the price signifi- 
cantly. 

Furthermore, production of long catalyzed hardware 
reactor tubes can be difficult. The reactor tube can have a 
length of 10 m or more. It will be difficult to obtain an 
even thickness of the reforming catalyst layer throughout 
such a length, and means to obtain an even layer, which can 
be used for small scale application such as centrifuging 
the tube, is more difficult to apply for this size of 
tubes. Additionally, appropriate heat treatment of a tube 
of this size can be difficult. 

These drawbacks can be overcome by producing the 
catalyzed hardware separately from the reactor as described 
below. 

A metal support is cut into an appropriate size. 
The sheet is wash-coated as described above. After the 
wash-coating, the sheet is formed into the appropriate 
shape. Alternatively, the sheet is formed into the final 
shape prior to the wash-coating. The metallic support is 
formed substantially to have the same shape as the reactor 
wall and has been arranged. in a direct heat conduction 
relationship with the reactor wall. 

It will be possible to change the catalytic layer 
if it no longer has sufficient catalytic activity. The 
expensive steel used to obtain adhesion of the catalyst to 
the metal surface will only comprise a small fraction of 
the total metal consumption. The catalyzed hardware can be 
produced in smaller sections, which will be easier to 
manufacture and handle. 

Accordingly, this invention provides a process for 
the preparation of hydrogen and carbon monoxide rich gas by 
catalytic steam reforming of a hydrocarbon feedstock, 
comprising steps of: 
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(a) optionally passing a process gas of hydrocarbon 
feedstock through a first reactor with a steam reforming 
catalyst heated by a hot gas stream; 

(b) passing the effluent from the first reactor to a 
subsequent tubular reactor containing a steam reforming 
catalyst and being heated by burning of fuel, thereby 
obtaining a hot gas stream of steam reformed product gas 
and a hot gas stream of flue gas, 

wherein a reforming catalyst is placed on a metal- 
lic support having substantially the same shape as a wall 
of the reactor and being arranged in heat conduction rela- 
tionship with the reactor wall. 

In a specific embodiment of the invention, the 
reforming catalyst in the reactor, in step b is provided 
both with a metallic support having substantially the same 
shape as a wall of the reactor and being arranged in heat 
conduction relationship with the reactor wall and as 
reforming catalyst pellets. 
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CLAIMS 

1. Process for the preparation of hydrogen and carbon 
monoxide rich gas by catalytic steam reforming of a hydro- 
carbon feedstock comprising steps of: 

(a) optionally passing a process gas of hydrocarbon 
feedstock through a first reactor with a steam reforming 
catalyst heated by a hot gas stream; 

(b) passing the effluent from the first reactor to a 
subsequent tubular reactor containing a steam reforming 
catalyst and being heated by burning of fuel, thereby 
obtaining a hot gas stream of steam reformed product gas 
and a hot gas stream of flue gas; and 

wherein a reforming catalyst is placed on a metal- 
lic support having substantially the same shape as a wall 
of the reactor and being arranged in heat conduction rela- 
tionship with the reactor wail. 

2. Process of claim 1, wherein the reforming catalyst 
in the reactor in step b is provided with both a metallic 
support having substantially the same shape as a wall of 
the reactor and being arranged in heat conduction relation- 
ship with the reactor wall and as reforming catalyst pel- 
lets . 

3. Process of claim 1, wherein the reforming catalyst 
in the reactor in step b is provided as reforming catalyst 
pellets . 

4. Process of claim 1, wherein the steam reforming 
catalyst comprises nickel and/or noble metals. 
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